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THE ROLE OF MATERNAL BODY COMPOSITION ON INFANT BODY 
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ANNIE PENFIELD-CYR 
 
ABSTRACT 
  
Currently, about 1 in 3 women of reproductive age are obese (Flegal, Kruszon-
Moran, Carroll, Fryar, & Ogden, 2016). Obesity in pregnancy has been associated with 
adverse maternal and infant outcomes (“Clinical Management Guidelines for 
Obstetrician–Gynecologists. Number 49, December 2003,” 2003) and maternal 
overweight and obesity have been implicated as increasing the risk for early childhood 
obesity (Ramonienė et al., 2017). Obesity is defined by the World Health Organization as 
having a body mass index (BMI) greater than 30 kg/m2, however, there is mounting 
evidence that BMI is not an accurate measure of adiposity (Kennedy, Shea, & Sun, 
2009), which is one of the leading clinical concerns surrounding obesity. Understanding 
the associations between maternal body composition and infant body composition could 
begin to answer questions regarding the underpinnings of intergenerational obesity and 
offer a modifiable factor such as body composition as a target of opportunity to improve 
maternal and infant outcomes.   
This secondary analysis of 372 mother-infant dyads examines the associations of 
maternal body composition, as measured by BMI, fat mass and lean mass, with infant 
  vii 
body composition, as measured by fat mass, lean mass, and BMI z-scores. Fat and lean 
masses were derived from dual-energy x-ray absorptiometry (DXA). Correlations 
between maternal BMI and maternal fat and lean mass were explored at one month 
postpartum. Associations between maternal body composition exposures at one month 
postpartum and infant body composition outcomes at one, four, and seven months 
postpartum were explored in the entire cohort and then stratified in two separate analyses 
by maternal BMI and infant sex to determine the potential for effect modification. 
Maternal BMI was strongly correlated with maternal fat mass at one month 
postpartum (r=0.91), and less strongly correlated with maternal lean mass (r=0.71). 
Maternal lean mass was positively associated with infant lean mass at four months 
postpartum. In obese women, maternal BMI was negatively associated with infant lean 
mass at seven months postpartum. In overweight women, maternal fat mass and maternal 
lean mass were positively associated with infant lean mass. In obese women, maternal fat 
mass was negatively associated with infant lean mass at four months postpartum. 
Maternal fat mass and lean mass were positively associated with infant lean mass at four 
and seven months postpartum in females but not in male infants. An increase in maternal 
lean mass was also found to be associated with a significant increase in female infant 
BMI z-scores at seven months postpartum but were not associated with male infants’ 
BMI z-scores.  
This study found that obese women with increased adiposity, as measured by 
BMI and fat mass, tended to have infants with less lean mass at four and seven months 
postpartum, while overweight women with increased lean mass tended to have infants 
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with greater lean mass at all postpartum through seven months postpartum. It was also 
found that female infants born to mom’s with larger fat mass or larger lean mass tended 
to have increased lean mass at four and seven months postpartum, while there seemed to 
be no associations with maternal and infant body composition in male infants. These 
results confirm that the first year of life is an important time in infant development and 
potential programming, but they also suggest that this programming may be associated 
with lean mass accrual in early infancy as opposed to fat mass or adiposity. The 
complexity of the relationships between maternal and infant body composition in the 
postpartum period may involve other factors such as sex differences, genetics and 
nutrition, and should be further explored in future studies.  
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 1 
INTRODUCTION 
 
1.1 Obesity in Pregnancy: 
Currently, about 1 in 3 women of reproductive age are obese (Flegal et al., 2016) 
and greater than 60% of women of reproductive age are overweight or obese (Yang & 
Colditz, 2015) (Figure 1). Obesity is defined as having a body mass index (BMI) greater 
than 30 kg/m2, overweight is defined as a BMI between 25 and 29.9 kg/m2, and normal 
weight is defined as being between 18.5 and 24.9 kg/m2 (“Defining Adult Overweight and 
Obesity | Overweight & Obesity | CDC,” 2019). Obesity in pregnancy has been associated 
with adverse maternal outcomes including risk of miscarriage, developing hypertension, 
gestational diabetes, thromboembolisms, and pre-eclampsia (“Clinical Management 
Guidelines for Obstetrician–Gynecologists”, 2003). One study found obesity to be an 
independent risk factor for caesarian delivery because even after excluding women with 
diabetes and hypertension, there was a three-fold increased risk of obese women requiring 
a caesarian section compared to normal weight women (Sheiner et al., 2004).  
Obesity is also associated with adverse prenatal outcomes for the infant including 
greater risk of having delivery complications such as emergent caesarian delivery and 
shoulder dystocia (“Clinical Management Guidelines for Obstetrician–Gynecologists.” 
2003; Weiss et al., 2004). There are also studies that show that excessive adipose tissue 
can impair visualization of the fetus during ultrasound, which can lead to infants of obese 
women having greater incidence of congenital anomalies including neural tube defects 
(Hendler et al., 2004). Other fetal complications associated with obesity in pregnancy 
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include neonatal hypoglycemia from increased insulin sensitivity, macrosomia and 
increased incidence of childhood obesity (Ramonienė et al., 2017). These many maternal 
and infant morbidities associated with maternal obesity in pregnancy can lead to both short- 
and long-term sequelae for moms and infants.  
 
 
 
 
 
 
 
 
 
 
 
 
1.2. Intergenerational Obesity: 
As obesity trends continue to rise in both adults and children (Ogden, Carroll, Kit, 
& Flegal, 2014) (Figure 2), there has been increased interest to try to understand the 
underpinnings of intergenerational obesity. This interest is accompanied by attempts to 
understand the early developmental antecedents of childhood obesity and if a critical 
window could help predict or even prevent future development of obesity and any 
Figure 1. Prevalence of obesity among women of childbearing age in the United States 
from 2007-2017. (From March of Dimes, 
https://www.marchofdimes.org/Peristats/ViewSubtopic.aspx?reg=99&top=17&stop=3
50&lev=1&slev=1&obj=1).   
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accompanying short- and long-term sequelae in offspring. There are many potential 
mechanisms of intergenerational influences of maternal obesity including preconception, 
prenatal and postpartum determinants. Some potential preconception determinants include 
maternal and paternal weights and nutritional statuses, prenatal determinants can include 
intrauterine and metabolic environments and maternal gestational weight gain, and some 
postpartum determinants could include infant birth weight and growth trajectories in the 
first few years of life, along with nutrition and feeding practices (Haire-Joshu & Tabak, 
2016).  
Many studies have shown associations between increased maternal BMI and 
increased infant birth weight and fat mass at birth (Hull et al., 2008; Zhao et al., 2018). 
There are also numerous studies that have identified positive associations between infant 
birth weight and greater infant adiposity and obesity in childhood (Martins & Carvalho, 
2006; Winter, Langenberg, & Krugman, 2010). These associations make it apparent that 
there are important underlying relationships between maternal adiposity and obesity and 
infant birth weight, infant growth and the increased prevalence of childhood obesity. 
However, most of these studies only take into account maternal BMI as a proxy for 
maternal adiposity and use infant BMI z-scores as an approximate of infant body 
composition. It should be noted that body composition has more complex genetic and 
biological components with differing metabolic implications that should be dissected more 
thoroughly when exploring these maternal and infant associations.  
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1.3 Obesity and Inflammation: 
Obesity is a disorder involving excessive body fat. Fat is comprised of adipose 
tissue which contains adipocytes, immune cells, endothelial cells and fibroblasts, all of 
which have the ability to alter the dynamic functionality of adipose tissue in a changing 
metabolic environment. It has been shown that excessive nutrient and energy intake 
causes adipocytes to hypertrophy which leads to hypoxia of these cells. There are well 
explored differences noted between “healthy” acute hypoxia and “unhealthy” chronic 
hypoxia that have been well described in the literature (Crewe, An, & Scherer, 2017) 
(Figure 3). 
 
Figure 2. Prevalence of childhood obesity in the United States from 1988-2014 
(From Ogden et al., 2016). 
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While acute hypoxia causes initial inflammation and can upregulate angiogenesis, 
initiate inflammatory cell infiltration responses of macrophages and neutrophils, and 
induce organized extracellular matrix remodeling to assist in the appropriate adipose 
tissue expansion, chronic hypoxia can lead to unresolved inflammation which fails to 
induce angiogenesis as well as causes fibrosis of the enlarged adipose tissue which can 
then culminate with the unhealthy expansion of adipose tissue with a significant pro-
inflammatory profile (Crewe et al., 2017; Mraz & Haluzik, 2014). Other studies have 
extensively described how the hypertrophied adipocytes alter the balance of adipose-
derived adipokines, which include a range of bioactive factors with numerous 
physiological roles including but not limited to adipocyte differentiation, glucose and 
lipid metabolism, immune regulation, and neuroendocrine function (Gualillo, González-
Figure 3. Healthy versus unhealthy expansion of adipose tissue during 
inflammation caused by adipocyte hypoxia (From Crewe et al., 2016) 
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Juanatey, & Lago, 2007; Hotamisligil, 2006; Sun, Kusminski, & Scherer, 2011). This 
unbalanced metabolic and increased pro-inflammatory state is a plausible link to the 
pathogenesis of metabolic disease seen in obesity and a potential mechanism involved in 
the foundation of intergenerational obesity. Exposure to this state of chronic 
inflammation in utero has been thought to cause metabolic disruption in the fetus which 
may predispose them to later obesity and the accompanying comorbidities (Segovia, 
Vickers, Gray, & Reynolds, 2014). With body fat as the main component associated with 
this state of chronic inflammation it is important to know how to accurately measure 
body composition. 
 
1.4 Measuring Maternal Body Composition:  
Body composition is the proportion of fat and fat-free (also known as lean) mass in 
your body. Fat mass consists of energy stores of adipose tissue, while lean mass consists 
of muscle, organs and bone. BMI is the most commonly used measure of body composition 
in clinical and epidemiological communities, but it is also highly criticized as being 
incapable of differentiating between fat and lean mass which each have various biological 
importance and health implications (Prentice & Jebb, 2001; Smalley, Knerr, Kendrick, 
Colliver, & Owen, 1990). BMI is calculated as weight in kilograms divided by height in 
meters squared. Individuals with the same BMI but different body composition in terms of 
their fat and lean masses could have very different health outcomes. Previous studies have 
found that BMI misclassifies adiposity status in adults, and that a more accurate measure 
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of body composition comes from dual-energy X-ray absorptiometry (DXA) (Kennedy et 
al., 2009) (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
DXA is a noninvasive, enhanced form of X-ray technology that can accurately 
measure total body composition including the breakdown of fat, lean and bone mass. 
Comparison studies of DXA with other methods of body composition measurement (such 
as bioelectrical impedance analysis (BIA) or body electrical conductivity) have found that 
DXA is more informative for body composition (Day et al., 2018) particularly for lean 
mass (Wells, 2005). DXA has also been validated in overweight and obese populations 
(Brownbill & Ilich, 2005; Ponti et al., 2018) which is why studies have used it in the 
postpartum population when women are expected to have increased weight retention. 
Average postpartum weight retention has been shown to be relatively small (0.5 – 1.5 kg) 
Figure 4. Horizon® DXA System which produces the advanced BodyLogic™ 
scans of body composition including total fat mass, lean mass, and bone mineral 
content. (Taken from Hologic® Inc., https://www.hologic.com/hologic-
products/breast-skeletal/horizon-dxa-system).  
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based on numerous studies, but there is notably variability with up to 20% of women being 
5 kg over their preconception weight by one year postpartum (Gunderson, 2009; Olson, 
Strawderman, Hinton, & Pearson, 2003). There have been numerous validation studies that 
conclude that DXA is an accurate tool for measuring body composition in postpartum 
women (Butte, Hopkinson, Ellis, Wong, & Smith, 1997; Ellegård, Bertz, Winkvist, 
Bosaeus, & Brekke, 2016).  
 
1.5 Measuring Infant Body Composition: 
Assessment of body composition provides a more comprehensive understanding of 
the biological response to both genetic and environmental influences than would 
measurement of just body size and weight alone. Body composition in early life is a marker 
of developmental programming and may have important implications in later health 
outcomes (Barker, Eriksson, Forsén, & Osmond, 2002). The normal clinical measurements 
of infant growth include weight, length, head circumference and calculated weight-for-
length and BMI z-scores. One study found that BMI z-scores are better indicators of 
adiposity in early infancy compared with weight-for-length z-scores (Roy et al., 2019), and 
other studies have found that infant BMI z-scores are better predictors of early childhood 
obesity (Roy et al., 2016).  
More recently, there have been studies have been interested in measuring more 
specific aspects of body composition in infants by using DXA and other body composition 
systems such as the PEA POD® or total body water (Butte, Hopkinson, Wong, Smith, & 
Ellis, 2000; Carberry, Colditz, & Lingwood, 2010). While there is currently no definition 
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of excess adiposity in infants, it has been found that fat mass accrual in early infancy is 
related to later childhood obesity (Koontz, Gunzler, Presley, & Catalano, 2014), and that 
childhood obesity is associated with increased risk of hypertension, stroke, type 2 diabetes, 
obesity and cardiovascular disease (Singhal, Wells, Cole, Fewtrell, & Lucas, 2003; Wells, 
Chomtho, & Fewtrell, 2007). Most studies looking at body composition in infants analyze 
males and females separately due to evidence of sex differences in accrual of fat and lean 
mass and changes over time (Andres et al., 2015). Some of the previously cited studies 
found mean percent body fat to be higher in female infants than males at 4.5 months of age 
but that fat-free mass was greater in males (Carberry et al., 2010). Another study also found 
that fat-free mass was higher in male infants between 3 and 18 months of age but that fat 
mass did not differ by sex (Butte et al., 2000). When exploring associations with infant 
body composition, it is important to consider the methodologies being used during the 
measurements and any other potential effect mediators such as infant sex.  
 
 
 
 
 
 
 
 
 
Figure 5. Body composition in two six-month-old infants using 
DXA showing similar BMI z-scores but very different measures 
of lean and fat mass (From Demerath et al. 2014). 
 10 
1.6 Maternal Body Composition and Infant Body Composition:  
Many studies have previously examined relationships between maternal BMI and 
infant postpartum body composition and growth. These studies report various associations, 
some of which agree while others conflict with each other. A recent meta-analysis of 20 
articles that compared mean infant fat mass and infant lean mass between lean, overweight, 
and obese women, showed that overall there were no differences in mean infant body 
composition when compared by maternal BMI group (Castillo-Laura, Santos, Quadros, & 
Matijasevich, 2015).  
However, when the individual studies investigated adjusted associations between 
maternal BMI and infant body composition measures, some found that an increase in 
maternal pre-pregnancy BMI was associated with higher fat mass and higher lean mass at 
3 days (Starling et al., 2015), and at 6 years (Castillo, Santos, & Matijasevich, 2015), while 
the majority of studies found no significant associations between maternal BMI and infant 
body composition in early childhood in their fully adjusted models (Hull et al., 2008; 
Sewell, Huston-Presley, Super, & Catalano, 2006; Shapiro et al., 2015). Another study 
found that children of obese mothers had higher growth rates between 1-3 months and 
between 3-6 years, compared to children born to lean or overweight mothers (Eny et al., 
2018). This study also noted that there were no differences in growth rates for boys and 
girls in the first 6 years of life, and yet another study looking at infants only born to non-
obese women found that only female infants had significant increases in fat mass between 
3 and 5 months of life (Carberry et al., 2010). A recent study found girls born to overweight 
or obese moms had increased BMI z-scores compared to infants born to lean mothers in 
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the first six years of life, whereas only boys born to obese women had significantly higher 
BMI z-scores at between 3 and 6 years of life (Andres et al., 2015). 
The variation and inconsistent reporting of associations between maternal and 
infant body composition allows for extended research into this topic to try to understand 
some of these underlying relationships. It is also important to try to come to some 
consensus about the clinical implications of these associations and how a newfound 
understanding could potentially allow for interventions to try to help improve maternal 
and infant outcomes and even break the cycle of intergenerational obesity.   
 
1.7 Additions to current literature:  
Most current studies examining maternal adiposity or obesity use maternal BMI as 
a proxy for body composition, although BMI cannot offer precise contributions of fat and 
lean mass, respectively, to body weight and composition. This study is able to quantify 
how the ubiquitous measure of BMI is associated with DXA-derived fat and lean mass in 
the post-partum period.  
Similarly, most studies exploring infant body composition use infant weight or 
weight-for-length z-scores as a proxy for infant adiposity, due to these measures being 
simpler and more universally available for infants, and while BMI is the anthropometric 
standard recommended by the American Academy of Pediatrics for assessment in children 
greater than two years of age, weight-for-length is recommended for children less than two 
years of age (Beker, 2006). In this cohort there are also DXA scans for infants at three 
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different postpartum time points within the first year of life, which allows for exploration 
of longitudinal associations of maternal and infant body composition.  
Lastly, although maternal BMI has been treated as a confounder in many of these 
analyses, this analysis examines whether the association of maternal and infant body 
composition differed by two key variables: maternal BMI category and infant sex. This is 
unique and important because studies have shown that people with the same BMI may have 
significantly different underlying body composition measures and also that body 
composition measures may differ between males and females.  
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SPECIFIC AIMS 
Aim 1: Determine the strength of the association between maternal BMI and DXA-derived 
fat mass and lean mass at one month postpartum.  
Hypothesis 1: Maternal BMI will be strongly correlated with maternal fat mass and less 
strongly correlated with maternal lean mass at one month postpartum. 
Aim 2: Examine the associations between maternal body composition at one month 
postpartum and infant body composition at one, four, and seven months postpartum. 
Hypothesis 2: Maternal BMI and fat mass will be positively associated with infant fat mass 
and negatively associated with infant lean mass in the postpartum period.  
Aim 3: Understand whether the association between maternal body composition and infant 
body composition differs by maternal BMI group. 
Hypothesis 3: Overweight and obese women will have stronger positive associations 
between maternal and infant fat mass compared to lean women. Overweight and obese 
women will have smaller associations between maternal and infant lean mass.  
Aim 4: Explore whether the association between maternal body composition and infant 
body composition differs by infant sex. 
Hypothesis 4: Males will show stronger associations than females in the postpartum period.
 14 
METHODS 
 
2.1 Participants: 
This is a secondary analysis of a previously completed randomized controlled trial 
of maternal vitamin D supplementation during lactation (ClinicalTrials.gov: 
NCT00412074) (Hollis et al., 2015). Mother-infant dyads were recruited between four and 
six weeks postpartum from either the Medical University of South Carolina or the 
University of Rochester (in New York) between January 2007 and December 2011. For 
the original parent study, eligibility criteria were as follows: healthy singleton infants who 
were greater than six weeks of age at enrollment and were born at a gestational age greater 
than or equal to 35 weeks, with mothers planning to exclusively breastfeed or exclusively 
formula feed for at least six months. Mothers were excluded if they had any of the 
following preexisting conditions: hypertension, hypocalcemia, hypercalcemia, parathyroid 
disease, uncontrolled thyroid disease, type 1 or 2 diabetes mellitus or were taking diuretics 
or other cardiac medications. Infants were excluded if they had any congenital anomalies 
or were admitted to the neonatal intensive care unit for greater than 72 hours.  
Mother-infant dyads were evaluated at three time points: time at recruitment at 
approximately one month postpartum (V1), time at four months postpartum (V4) and time 
at seven months postpartum (V7). Maternal and infant body composition measures were 
taken at these time points using dual-energy x-ray absorptiometry (DXA) (see section 2.4). 
Upon enrollment, mothers were randomized to receive 1 of 3 daily doses of vitamin D 
supplementation: 1) 400 IU per day of maternal vitamin D supplementation along with 400 
IU per day of infant supplementation; 2) 2400 IU of maternal vitamin D supplementation 
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and a placebo for the infant; 3) 6400 IU of maternal supplementation per day and a placebo 
for the infant. The 2400 IU per day group was stopped early due to concerns of not 
providing adequate vitamin D supplementation to the infants (Hollis 2015). This parent 
trial was approved by the Institutional Review Boards of the Medical university of South 
Carolina (No. 16536) and the University of Rochester (No. 14460). This secondary analysis 
of de-identified data was approved by the Institutional Review Board of Brigham and 
Women’s Hospital (No. 1567). 
For this secondary analysis, mothers who had decided to exclusively formula feed 
at hospital discharge after delivery or at time of enrollment at one month postpartum (n=86) 
were also excluded because breastfeeding versus formula feeding has been shown to effect 
early infant growth trajectories (Bell, Wagner, Feldman, Shypailo, & Belfort, 2017) and 
this analysis explores the biological foundations of associations between maternal and 
infant body composition which is better examined in infants who received breastmilk. 
Other exclusions for this analysis included participants who had no maternal measures of 
BMI or DXA measurements at any time point (n=2), no infant DXA measures or 
anthropometric data at any time point (n=2), and finally there was one maternal participant 
who had a BMI less than 18.5 kg/m2 (which is considered underweight by the World Health 
Organization, and therefore cannot be categorized as lean). With all these combined 
inclusion and exclusion criteria, there were 372 mother-infant dyads from the original 
cohort that were included in this secondary analysis.  
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2.2 Clinical Characteristics: 
In questionnaires and in-person interviews, mothers reported demographic 
information including, but not limited to, information about their age, race, education, 
insurance status, marital status and smoking status. They also reported clinical information 
regarding their pregnancy including gravidity, parity, and mode of delivery. At each study 
visit mothers completed a comprehensive infant feeding questionnaire containing 
information about breastfeeding versus mixed feeding, amount of each feed, length of each 
feed, frequency of each feeding and introduction of solid foods.  
 
2.3 Anthropometrics: 
At the V1, V4, and V7 study visits maternal height and weight were recorded and 
body mass index (BMI) was calculated (BMI=weight in kg/(height in m)2). Infant weight 
and length measurements were taken by trained study staff at each study visit. Infants were 
weighed on a calibrated standard infant scale (Scale-Tronix Inc.) to the nearest gram and 
length was measured on a standard infant length board (Perspective Enterprises) to the 
nearest 0.1 centimeter. Infant BMI z-scores were calculated from WHO reference data 
(WHO 2006) using a 2005 macro (the WHO Child Growth Standards STATA Syntax File 
[igrowup.stata]). 
 
2.4 Body Composition: 
At the V1, V4 and V7 study visits, mothers and infants underwent whole-body 
DXA scans using a Hologic Discovery A densitometer (Hologic Inc.) as previously 
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described (Bell et al., 2017). Maternal and infant whole-body total mass, fat mass, and lean 
mass were reported at each study visit. In addition, maternal bone mineral density and bone 
mineral content were also measured at these time points. In this analysis, the reported 
results of maternal lean mass exclude bone mineral content from the lean mass 
measurement to reflect a truer purely lean mass value.  (Lean mass from DXA scan – Bone 
mineral content from DXA scan = True Lean Mass used in this analysis).  
 
2.5 Measures:  
Maternal measures of body composition used in this analysis include maternal 
BMI, maternal fat mass, and maternal lean mass at V1 (one month postpartum). One month 
postpartum was chosen as the exposure because of the interest in how maternal body 
composition nearest the time of birth and initiation of breastfeeding would impact infant 
body composition and growth in the first year of life. There were seven mothers who did 
not have one-month DXA measurements available but did have measurements at four 
months postpartum. Given a strong correlation between maternal fat mass at one and four 
months postpartum (r=0.97) and maternal lean mass at one and four months postpartum 
(r=0.98), the four-month DXA measurements were used for these seven mothers in place 
of their one-month measurements.  
Infant measures of body composition used in this analysis include infant BMI z-
score, infant fat mass, and infant lean mass at V1, V4 and V7. Infant BMI z-scores were 
derived from infant weight and length as described above (section 2.3). Infant fat mass and 
lean mass were derived from the DXA scans that each infant underwent at V1, V4 and V7.  
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2.6 Confounders:  
The confounders used to adjust our final regression model were race, education and 
insurance (as a proxy for socioeconomic status), and parity. These confounders were 
chosen based on the understanding that they could affect both the exposures and outcomes 
of the models, as well as being found to be statistically significantly different between 
maternal BMI groups (Table 1).  
 
2.7 Effect Modifiers: 
The potential for effect modification was also explored with each association 
between maternal body composition and infant body composition. Potential modifiers that 
might affect the primary associations were determined to be maternal BMI group (lean, 
overweight, obese) and infant sex (female, male). Therefore, as part this analysis, 
associations between all exposures and outcomes at each time point were stratified by 
maternal BMI group. The primary associations between all exposures and outcomes at each 
time point were also stratified by infant sex in a second analysis. Because the parent study 
looked at vitamin D supplementation in this postpartum period, there was potential for 
supplementation to be an effect modifier. However, there were no differences between 
vitamin D supplementation groups for any maternal exposures or infant outcomes at any 
time point and there was no significance seen in interaction analyses of any associations 
between maternal exposures and infant outcomes at any time point (all interaction p-values 
> 0.05). Thus, supplementation was not considered a potential effect modifier and all 
analyses included all supplementation groups. 
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2.8 Statistical Analysis: 
i. Descriptive statistics were used to characterize and compare sociodemographic 
variables by maternal BMI group: Lean, BMI 18.5 - 24.9 kg/m2; Overweight, BMI 
25.0 - 29.9 kg/m2; Obese, BMI ≥30.0 kg/m2. Percentages were compared using χ2 
tests and means were compared across maternal BMI groups using analysis of 
variance (ANOVA) with a Bonferroni adjustment for multiple comparisons.  
ii. Maternal exposures, including maternal BMI, maternal fat mass, and maternal lean 
mass at V1) were compared across maternal BMI groups (lean, overweight, obese) 
by ANOVA.    
iii. Infant outcomes (including infant fat mass, infant lean mass, and infant BMI z-
score at V1, V4 and V7) were compared across maternal BMI groups by ANOVA. 
Infant outcomes at each postpartum time point were also compared between infant 
sexes (male and female) by Student’s T-test. 
iv. For Aim 1, the exposure was maternal BMI at one month postpartum and the 
outcomes were maternal fat and lean mass at one month postpartum. Pearson’s 
correlations were used to explore how the more common clinical proxy for body 
composition, maternal BMI, related to the more specific measures of body 
composition, fat and lean mass. Correlations were done in the overall cohort and 
then stratified by maternal BMI group to examine if these correlations differed 
between lean, overweight and obese women.  
v. For Aim 2, the exposures were maternal BMI, maternal fat mass, and maternal lean 
mass at V1 and the outcomes were infant fat mass, infant lean mass, and infant BMI 
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z-score at V1, V4 and V7. Linear regression was used to determine associations 
between each exposure and each outcome at each postpartum time point. 
Unadjusted associations (Model 0) were examined first, followed by multivariate 
linear regression to assess these associations adjusted for the previously described 
confounders (see section 2.5). All regressions models used were as follows; Model 
0: unadjusted, Model 1: model 0 + race, Model 2: model 1 + education and 
insurance, Model 3: model 2 + parity).  
vi. For Aim 3, the maternal exposures, infant outcomes and linear regression models 
are the same as described above (section 2.8 v.). The final adjusted linear regression 
models were then stratified by maternal BMI group (lean, overweight, obese) to 
determine if associations differed by maternal BMI group.  
vii. For Aim 4, the maternal exposures, infant outcomes and linear regression models 
are the same as described above (section 2.8 v.). The final adjusted linear regression 
models were then stratified by infant sex to determine if associations differed 
between male and female infants.  
viii. All data analysis was performed using Stata V13.1 statistical package (Stata 
Corporation, College Station, TX).  
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RESULTS 
 
3.1 Population Characteristics:  
Of the 372 mothers that were included in this analysis, 117 (31%) were lean, 126 
(34%) were overweight, and 124 (33%) were obese. There was no significant difference in 
maternal age or smoking status between maternal BMI group. Lean women were more 
likely to have a college or graduate/doctoral degree, have private medical insurance, be 
white, married, primi-parous, and have delivered vaginally, compared to obese women 
(Table 1). Of the 352 infants with body composition data available at least in the first month 
postpartum who were included in this analysis, 109 (31%) were born to lean women, 124 
(35%) were born to overweight women, 119 (34%) were born to obese women. Infant birth 
weight and gestational age at birth did not differ between maternal BMI groups (Table 1). 
At one month postpartum, lean and overweight women were more likely to be exclusively 
breastfeeding compared to obese women, but by four and seven months postpartum there 
were no differences in percentages of exclusive breastfeeding women between maternal 
BMI groups.  
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 P-values from ANOVA for continuous and χ2 for categorical variables; *p < 0.05 
Table 1: Population characteristics at V1 by maternal BMI category 
  Maternal BMI Group  
 All 
 
n = 372 
Lean 
(18.5-24.9 
kg/m2) 
n = 117 
Overweight 
(25-29.9 
kg/m2) 
n = 126 
Obese 
(≥30 kg/m2) 
n = 124 
 
P 
 
Age: (years) 28.14 
(6.02) 
28.59 (6.21) 28.35 (5.63) 27.59 (6.21) 0.41 
BMI: (kg/m2) 28.09 
(5.43) 
22.62 (1.65) 27.13 (1.40) 34.23 (3.95) <0.05* 
Education: n(%)  
High School  
College 
Graduate/Doctorate  
 
125 (34) 
160 (43) 
87 (23) 
 
29 (25) 
47 (40) 
41 (35) 
 
47 (37) 
52 (41) 
27 (22) 
 
47 (38) 
59 (48) 
18 (14) 
 
0.003* 
Insurance: n(%) 
Private 
Medicaid  
None/Other 
 
170 (46) 
160 (43) 
42 (11) 
 
70 (60) 
36 (31) 
11 (9) 
 
53 (42) 
54 (43) 
19 (15) 
 
45 (36) 
67 (54) 
12 (10) 
 
0.001* 
Smoking: Yes (%) 14 (4) 3 (3) 7 (6) 4 (3) 0.44 
Race/Ethnicity: n(%) 
White 
Black 
Hispanic 
Asian 
 
 
160 (43) 
109 (29) 
96 (26) 
7 (2) 
 
 
64 (55) 
23 (20) 
25 (21) 
5 (4) 
 
 
54 (43) 
29 (23) 
41 (32) 
2 (2) 
 
 
40 (32) 
55 (44) 
29 (24) 
0 (0) 
 
<0.05* 
Parity: n(%)  
1 
2 
>2 
 
150 (40) 
128 (35) 
94 (25) 
 
56 (48) 
42 (36) 
19 (16) 
 
43 (34) 
48 (38) 
35 (28) 
 
51 (41) 
33 (27) 
40 (32) 
 
0.02* 
Mode of Delivery: n(%) 
Vaginal  
C-section 
 
289 (78) 
81 (22) 
 
99 (86) 
16 (14) 
 
97 (77) 
29 (23) 
 
90 (73) 
34 (27) 
 
0.04* 
Infant Birthweight: (g) 3368.59 
(474.85) 
3362.42 
(442.20) 
3412.32 
(460.01) 
3338.36 
(518.72) 
0.46 
Gestational Age at Birth: 
(weeks) 
39.27 
(1.25) 
39.32 (1.25) 39.37 (1.13) 39.14 (1.37) 0.32 
Infant Sex: n(%) 
Female  
 
178 (48) 
 
55 (48) 
 
60 (48) 
 
60 (49) 
 
0.97 
Exclusively 
Breastfeeding: n(%) 
V1 
V4 
V7 
 
 
317 (85) 
246 (89) 
179 (75) 
 
 
104 (89) 
82 (89) 
58 (73) 
 
 
113 (90) 
90 (91) 
64 (74) 
 
 
95 (77) 
72 (87) 
55 (79) 
 
 
0.01* 
0.67 
0.68 
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3.2 Maternal Body Composition by Maternal BMI Group:  
Maternal BMI, fat mass, and lean mass at one month postpartum were all 
significantly higher in obese women compared to lean and overweight women. These 
measures were also significantly higher in overweight women compared to lean women 
(Table 2). Correlations between maternal BMI (a more widely used proxy for maternal 
body composition) and maternal fat mass and maternal lean mass (more accurate measures 
of maternal body composition) were also explored. In this cohort, maternal BMI was very 
strongly correlated with maternal fat mass (r=0.91), and less strongly correlated with 
maternal lean mass (r=0.71). By each maternal BMI group, maternal BMI was strongly 
correlated with maternal fat mass in obese women (r=0.79) and less so with maternal fat 
mass in lean women (r=0.50). Maternal BMI correlated with maternal lean mass in 
overweight and obese women (r=0.45) and least with lean women (r=0.33).   
 
Table 2. Maternal body composition measures at V1 by maternal BMI group 
Data are means (SD) 
P-values from ANOVA 
a: lean vs. overweight; b: lean vs. obese; c: overweight vs. lean 
 
Maternal Body 
Composition 
Measures 
All 
n = 367 
Lean 
n = 117 
Overweight 
n = 126 
Obese 
n = 124 
P 
Maternal BMI 
(kg/m2) 
28.09 (5.43) 22.62 (1.65) 27.13 (1.40) 34.23 (3.95) <0.001a,b,c 
Maternal Fat 
Mass (kg) 
25.23 (8.80) 17.48 (3.08) 23.34 (3.84) 34.47 (7.83) <0.001a,b,c 
Maternal Lean 
Mass (kg) 
43.25 (7.04) 38.56 (4.81) 41.68 (5.33) 49.44 (5.96) <0.001a,b,c 
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3.3 Infant Body Composition by Maternal BMI Group: 
There was no significant difference in infant fat mass, lean mass, or BMI z-scores 
between infants born to lean, overweight, or obese women at one month, four months, or 
seven months postpartum (Figures 6a, 6b, 6c). At four months postpartum, there was a 
trend towards overweight women having infants with greater lean mass, but this did not 
reach significance (p=0.06) (Table 3).  
 
Table 3: Infant body composition measures at V1, V4 and V7 by maternal BMI group 
Data are means (SD) 
P-values from ANOVA 
 
 
 
Infant Body 
Composition 
Measures 
All 
N=352 
Lean 
N=109 
Overweight 
N=124 
Obese 
N=119 
P 
Infant Fat 
Mass (g) 
V1 
V4 
V7 
 
 
1230.23 (444.04) 
2519.24 (747.53) 
2949.91 (868.24) 
 
 
1222.97 (424.90) 
2430.71 (699.08) 
2868.01 (770.07) 
 
 
1279.94 (428.63) 
2588.38 (719.60) 
3028.95 (923.65) 
 
 
1189.81 (478.69) 
2543.28 (828.20) 
2956.39 (927.91) 
 
 
0.28 
0.36 
0.53 
Infant Lean 
Mass (g) 
V1 
V4 
V7 
 
 
3514.99 (441.10) 
4320.57 (596.73) 
5087.14 (732.33) 
 
 
3515.22 (403.26) 
4192.04 (525.71) 
4968.74 (668.35) 
 
 
3535.92 (444.67) 
4402.93 (652.44) 
5173.72 (838.08) 
 
 
3497.49 (476.08) 
4355.31 (587.39) 
5145.99 (652.14) 
 
 
0.80 
0.06 
0.18 
Infant BMI 
Z-score 
V1 
V4 
V7 
 
 
0.01 (0.98) 
-0.11 (1.22) 
0.07 (1.18) 
 
 
0.10 (0.94) 
-0.25 (1.24) 
-0.13 (1.10) 
 
 
-0.01 (0.98) 
-0.05 (1.13) 
0.16 (1.22) 
 
 
-0.06 (1.03) 
-0.05 (1.32) 
0.20 (1.19) 
 
 
0.44 
0.45 
0.16 
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3.4 Infant Body Composition by Infant Sex:  
Females had greater fat mass than males at V1 (p=0.01), but by V4 and V7 there 
was no significant difference in fat mass between males and females (Figure 7a). Males 
were found to have greater lean mass compared to females at all postpartum time points 
(p<0.001) (Figure 7b). There were no significant differences in infant BMI z-scores 
between males and females at any postpartum time point (Figure 7c) (Table 4).  
 
Table 4: Infant body composition measures at V1, V4 and V7 by infant sex 
Data are means (SD) 
P-values from T-test 
§ female > male  
ǂ male > female  
 
 
 
Infant Body 
Composition 
Measures:  
All 
N=352 
Female 
N=172 
Male 
N=180 
P 
Infant Fat Mass (g) 
V1 
V4 
V7 
 
1230.23 (444.04) 
2519.24 (747.53) 
2949.91 (868.24) 
 
1298.77 (445.47) 
2552.98 (736.12) 
3007.69 (886.39) 
 
1172.93 (433.43) 
2493.12 (760.42) 
2899.02 (852.20) 
 
0.01§ 
0.52 
0.36 
Infant Lean Mass (g) 
V1 
V4 
V7 
 
3514.99 (441.10) 
4320.57 (596.73) 
5087.14 (732.33) 
 
3322.11 (379.39) 
4001.54 (441.06) 
4736.58 (602.81) 
 
3692.87 (420.52) 
4603.10 (577.05) 
5431.70 (688.61) 
 
<0.001ǂ 
<0.001ǂ 
<0.001ǂ 
Infant BMI Z-score 
V1 
V4 
V7 
 
0.01 (0.98) 
-0.11 (1.22) 
0.07 (1.18) 
 
0.01 (0.91) 
-0.20 (1.16) 
-0.04 (1.11) 
 
0.02 (1.05) 
-0.04 (1.28) 
0.17 (1.23) 
 
0.92 
0.29 
0.16 
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3.5 Maternal Body Composition and Infant Body Composition: 
There were no significant associations between maternal BMI and any infant body 
composition outcomes at V1, V4 or V7 in all women (Table 5). There were also no 
significant associations between maternal fat mass and any infant body composition 
measures at any postpartum time point. When exploring associations between mothers’ 
lean mass and infant body composition, it was found that an increase in maternal lean mass 
was associated with an increase in infants’ lean mass at V4, such that for every 1 kg 
increase in maternal lean mass, infant lean mass increased by about 20 grams (β=20.58, 
95%CI: 5.52, 37.64).   
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Table 5. Associations between maternal body composition and infant body composition 
at V1, V4, V7 
Maternal 
Exposure 
Infant 
Outcome  
 
V1 V4 V7 
Model 0 Model 3 Model 0 Model 3 Model 0 Model 3 
Maternal 
BMI 
Fat Mass -2.15 (-
10.97, 
6.66) 
-1.24 (-
10.41, 
7.92) 
1.60 (-
16.09, 
19.28) 
0.48 (-
17.71, 
18.67) 
0.40 (-
22.92, 
23.73) 
-2.19 (-
26.60, 
22.21) 
Lean 
Mass 
-6.74 (-
15.48, 
1.99) 
-4.91 (-
13.98, 
4.17) 
4.81 (-
9.32, 
18.95) 
2.77 (-
12.40, 
17.94) 
3.75 (-
15.84, 
23.35) 
-2.28 (-
23.34, 
18.77) 
BMI Z-
score 
-0.02 (-
0.04, 
0.001) 
-0.01 (-
0.03, 
0.004) 
0.01 (-
0.02, 
0.04) 
0.01 (-
0.02, 
0.04) 
0.01 (-
0.02, 
0.04) 
0.01 (-
0.02, 
0.04) 
Maternal 
Fat Mass 
Fat Mass -2.31 (-
9.66, 
5.04) 
-0.04 (-
7.55, 
7.46) 
-2.58 (-
18.19, 
13.04) 
-0.03 (-
15.05, 
15.00) 
0.42 (-
21.86, 
22.70) 
-2.60 (-
22.93, 
17.74) 
Lean 
Mass 
-0.81 (-
7.64, 
6.01) 
-0.30 (-
7.45, 
6.86) 
7.89 (-
3.56, 
19.33) 
6.61 (-
5.70, 
18.91) 
14.35 (-
4.68, 
33.38) 
13.16 (-
6.58, 
32.90) 
BMI Z-
score 
-0.01 (-
0.03, 
0.004) 
-0.01 (-
0.02, 
0.01) 
-0.004 (-
0.03, 
0.02) 
-0.004 (-
0.03, 
0.02) 
-0.001 (-
0.03, 
0,02) 
0.001 (-
0.02, 
0.03) 
Maternal 
Lean 
Mass 
Fat Mass -10.36 (-
19.41, -
1.32) 
-2.61 (-
13.06, 
7.85) 
-17.91 (-
37.61, 
1.78) 
1.95 (-
19.44, 
23.34) 
-27.10 (-
55.73, 
1.53) 
-7.85 (-
37.48, 
21.78) 
Lean 
Mass 
4.01 (-
4.52, 
12.54) 
6.34 (-
3.65, 
16.33) 
24.84 
(10.88, 
38.81) 
20.58 
(5.52, 
37.64)* 
31.63 
(7.68, 
55.58) 
25.27 (-
2.78, 
53.33) 
BMI Z-
score 
-0.01 (-
0.03, 
0,01) 
-0.001 (-
0.03, 
0.02) 
-0.01 (-
0.04, 
0.02) 
0.01 (-
0.03, 
0.05) 
-0.01 (-
0.05, 
0.02) 
0.01 (-
0.03, 
0.05) 
Model 0: unadjusted 
Model 3: fully adjusted for race, education, insurance, parity 
*p < 0.05 
 
 
 
 30 
3.6 Maternal Body Composition and Infant Body Composition by Maternal BMI Group: 
When stratified by maternal BMI group, maternal BMI was negatively associated 
with infant lean mass at V7 (β=-56.72, 95%CI: -103.50, -9.93) only in obese women (Table 
6a). In overweight women, maternal fat mass was positively associated with infant lean 
mass at V7 (β=110.02, 95%CI: 20.62, 199.43). Maternal fat mass was negatively 
associated with infant lean mass at V4 in infants born to obese moms (β=-27.80, 95%CI: -
50.13, -5.47) (Table 6b). It was then found that there was a positive association between 
maternal lean mass and infant lean mass in infants born to overweight mothers at V1, V4 
and V7 (β=36.20, 95%CI: 10.68, 61.71; β=75.67, 95%CI: 26.47, 124.88; β=120.19, 
95%CI: 35.34, 205.04, respectfully) (Table 6c).  
 
Table 6a. Associations between maternal BMI and infant body composition by maternal 
BMI group 
Maternal 
BMI Group 
Infant 
Outcome 
V1 V4 V7 
Model 3 Model 3 Model 3 
Lean 
Fat Mass 
16.90 (-36.47, 
70.28) 
48.68 (-48.99, 
146.36) 
-19.72 (-134.93, 
95.49) 
Lean Mass 
-32.38 (-81.10, 
16.34) 
-10.07 (-87.27, 
67.13) 
-15.30 (-118.98, 
88.39) 
BMI Z-score -0.02 (-0.13, 0.09) -0.07 (-0.10, 0.24) -0.06 (-0.22, 0.10) 
Overweight 
Fat Mass 
-23.88 (-79.32, 
31.55) 
4.61 (-101.31, 
110.54) 
-29.93 (-186.91, 
127.05) 
Lean Mass 1.89 (-56.43, 60.21) 
51.03 (-51.65, 
153.70) 
90.03 (-54.52, 
234.58) 
BMI Z-score -0.05 (-0.18, 0.07) -0.02 (-0.19, 0.16) 0.05 (-0.14, 0.24) 
Obese 
Fat Mass 
-6.92 (-16.51, 
30.35) 
-31.32 (-79.92, 
17.28) 
-25.10 (-84.64, 
34.44) 
Lean Mass 
-19.83 (-42.92, 
3.27) 
-33.73 (-71.31, 
3.86) 
-56.72 (-103.50, -
9.93)*  
BMI Z-score -0.03 (-0.07, 0.02) -0.02 (-0.09, 0.05) -0.03 (-0.09, 0.04) 
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Table 6b. Associations between maternal fat mass and infant body composition by 
maternal BMI group 
Maternal 
BMI Group 
Infant 
Outcome 
V1 V4 V7 
Model 3 Model 3 Model 3 
Lean 
Fat Mass 
28.98 (-10.10, 
68.05) 
46.94 (-28.12, 
121.99) 
-8.77 (-85.56, 
68.01) 
Lean Mass 
-6.13 (-43.11, 
30.86) 
18.50 (-42.32, 
79.32) 
67.86 (-10.65, 
146.38) 
BMI Z-score 0.07 (-0.03, 0.16) 0.09 (-0.06, 0.24) 0.07 (-0.06, 0.19) 
Overweight 
Fat Mass 3.73 (-24.93, 32.38) 
-5.81 (-63.13, 
51.51) 
-12.75 (-96.18, 
70.68) 
Lean Mass 
14.38 (-13.80, 
42.55) 
58.21 (-0.29, 
116.70) 
110.02 (20.62, 
199.43)* 
BMI Z-score 0.001 (-0.07, 0.07) -0.03 (-0.13, 0.07) 0.002 (-0.10, 0.11) 
Obese 
Fat Mass 6.76 (-12.00, 25.53) 
-3.47 (-43.00, 
36.05) 
-13.11 (-72.69, 
46.46) 
Lean Mass 
-13.74 (-39.62, 
3.14) 
-27.80 (-50.13, -
5.47)* 
-21.08 (-53.50, 
11.34) 
BMI Z-score -0.01 (-0.04, 0.03) -0.04 (-0.10, 0.02) -0.04 (-0.10, 0.03) 
Model 3: fully adjusted for race, education, insurance, parity 
*p < 0.05 
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Table 6c. Associations between maternal lean mass and infant body composition by 
maternal BMI group 
Maternal 
BMI Group 
Infant 
Outcome 
V1 V4 V7 
Model 3 Model 3 Model 3 
Lean 
Fat Mass 
15.31 (-25.62, 
56.25) 
-42.66 (-128.92, 
43.60) 
-32.40 (-121.29, 
56.49) 
Lean Mass 1.04 (-37.05, 39.12) 
30.56 (-37.67, 
98.79) 
30.43 (-66.21, 
127.07) 
BMI Z-score 0.02 (-0.08, 0.12) -0.01 (-0.19, 0.17) 0.02 (-0.13, 0.17) 
Overweight 
Fat Mass 
-3.62 (-31.21, 
23.97) 
16.95 (-34.76, 
68.66) 
-16.37 (-100.09, 
67.36) 
Lean Mass 
36.20 (10.68, 
61.71)* 
75.67 (26.47, 
124.88)* 
120.19 (35.34, 
205.04)* 
BMI Z-score 0.06 (-0.01, 0.12) 0.04 (-0.05, 0.13) 0.05 (-0.05, 0.16) 
Obese 
Fat Mass 
-2.19 (-28.85, 
24.47) 
-6.92 (-63.46, 
49.63) 
-47.53 (-133.96, 
38.91) 
Lean Mass 
-10.09 (-34.68, 
14.49) 
-17.03 (-48.84, 
14.78) 
-29.93 (-77.38, 
17.52) 
BMI Z-score -0.02 (-0.08, 0.03) -0.02 (-0.11, 0.07) -0.05 (-0.16, 0.06) 
Model 3: fully adjusted for race, education, insurance, parity 
*p < 0.05 
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3.7 Maternal Body Composition and Infant Body Composition by Infant Sex: 
When stratified by infant sex, it was found that there was no association between 
maternal BMI and any infant body composition outcomes (Table 7a). Observing 
associations between maternal fat mass and infant outcomes it was found that in female 
infants, maternal fat mass was positively associated with infants’ lean mass at both V4 and 
V7 (β=14.40, 95%CI: 3.23, 25.56; β=28.24, 95%CI: 6.80, 49.67, respectfully) (Table 7b). 
Maternal lean mass was also seen to be positively associated with infant lean mass in 
female infants at V4 and V7 (β=20.66, 95%CI: 5.60, 35.72; β=35.34, 95%CI: 4.16, 66.52, 
respectfully) (Table 7c). At V7, maternal lean mass was also positively correlated with 
female infants’ BMI z-scores (β=0.06, 95%CI: 0.00003, 0.12). There were no significant 
correlations between any measure of maternal body composition and any measure of infant 
body composition in male infants.  
 
 
Table 7a. Associations between maternal BMI and infant body composition by infant sex 
Infant Sex 
Infant 
Outcome 
V1 V4 V7 
Model 3 Model 3 Model 3 
Female 
Fat Mass 
2.39 (-11.38, 
16.15) 
1.73 (-25.13, 
28.58) 
-6.05 (-42.31, 
30.20) 
Lean Mass 
-4.92 (-16.36, 
6.53) 
7.00 (-9.31, 
23.31) 
1.97 (-22.81, 
26.75) 
BMI Z-score 
0.005 (-0.02, 
0.03) 
0.02 (-0.02, 
0.06) 
0.02 (-0.03, 
0.06) 
Male 
Fat Mass 
-2.26 (-14.63, 
10.12) 
6.64 (-20.32, 
33.60) 
2.50 (-32.38, 
37.37) 
Lean Mass 
-3.49 (-15.67, 
8.68) 
-10.18 (-31.07, 
10.72) 
-0.60 (-28.78, 
27.59) 
BMI Z-score 
-0.03 (-0.05, 
0.002) 
-0.0003 (-0.04, 
0.04) 
0.02 (-0.03, 
0.06) 
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Table 7b. Associations between maternal fat mass and infant body composition by infant 
sex 
Infant Sex 
Infant 
Outcome 
V1 V4 V7 
Model 3 Model 3 Model 3 
Female 
Fat Mass 
-2.96 (-14.21, 
8.30) 
-4.13 (-25.23, 
16.97) 
-17.78 (-49.32, 
13.75) 
Lean Mass 
1.35 (-6.77, 
9.47) 
14.40 (3.23, 
25.56)* 
28.24 
(6.80,49.67)* 
BMI Z-score 
-0.01 (-0.03, 
0.01) 
0.003 (-0.03, 
0.04) 
0.02 (-0.02, 
0.06) 
Male 
Fat Mass 
4.72 (-5.71, 
15.15) 
7.27 (-16.38, 
30.92) 
16.92 (-10.55, 
44.39) 
Lean Mass 
3.06 (-8.04, 
14.16) 
0.41 (-17.27, 
18.09) 
6.78 (-22.61, 
36.18) 
BMI Z-score 
-0.002 (-0.03, 
0.02) 
-0.01 (-0.05, 
0.03) 
-0.01 (-0.05, 
0.03) 
 
 
Table 7c. Associations between maternal lean mass and infant body composition by 
infant sex 
Infant Sex 
Infant 
Outcome 
V1 V4 V7 
Model 3 Model 3 Model 3 
Female 
Fat Mass 
0.53 (-14.65, 
15.71) 
7.22 (-21.58, 
36.03) 
-7.43 (-53.88, 
39.01) 
Lean Mass 
7.69 (-3.26, 
18.64) 
20.66 (5.60, 
35.72)* 
35.34 (4.16, 
66.52)* 
BMI Z-score 
0.01 (-0.03, 
0.04) 
0.03 (-0.02, 
0.08) 
0.06 (0.00003, 
0.12)* 
Male 
Fat Mass 
-2.74 (-17.79, 
12.32) 
-1.12 (-35.93, 
33.69) 
-5.90 (-48.18, 
36.38) 
Lean Mass 
13.78 (-1.87, 
29.44) 
20.42 (-4.43, 
45.26) 
11.02 (-33.45, 
55.48) 
BMI Z-score 
0.003 (-0.04, 
0.04) 
-0.01 (-0.07, 
0.05) 
-0.03 (-0.09, 
0.03) 
Model 3: fully adjusted for race, education, insurance, parity 
*p < 0.05 
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DISCUSSION 
4.1 Summary of Findings:  
Our first objective was to determine the strength of the association between 
maternal BMI and the DXA derived fat and lean mass. In this cohort, maternal BMI was a 
better predictor of post-partum maternal fat mass than maternal lean mass, although it was 
highly correlated with both. This finding is supported by previous studies that have also 
found that BMI and fat mass are strongly correlated in an adult population (Meeuwsen, 
Horgan, & Elia, 2010; Ranasinghe et al., 2013). Our findings uniquely report these 
associations in the post-partum breastfeeding population, where they have not previously 
been explored.  Fat mass contains adipose tissue and as such, is the source of inflammatory 
and metabolically deleterious by-products. Lean mass, on the other hand, consists of 
organs, skin, bone, body water, and muscle, which has implications in glucose uptake and 
tissue metabolic rates (Broadney et al., 2018). Thus, our findings support the usefulness of 
BMI as a predictor of fat mass and a potential marker of metabolic health in the post-partum 
period.  
Our second objective was to determine the association between maternal body 
composition and infant body composition in the postpartum period. In this cohort, maternal 
lean mass was found to be positively associated with infant lean mass at four months 
postpartum. This finding was in contrast to our hypothesis that maternal fat mass would be 
more strongly associated with infant outcomes. These findings suggest that previously 
reported associations between maternal BMI and infant weight or BMI z-scores may be 
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mediated more by maternal lean mass than fat mass, although the significance of this 
relationship is not known or well documented in the literature.  
Our findings were consistent with another study of 209 parent-infant units that 
found both maternal and paternal lean mass were positively associated with infant lean 
mass at one week postpartum (Henriksson, Löf, & Forsum, 2015). Farah et al. also reported 
that that higher maternal lean mass was correlated with higher infant birthweight (Farah, 
Stuart, Donnelly, Kennelly, & Turner, 2011). In contrast to our study, measures of maternal 
fat-free mass were derived from BIA at 28- and 37-weeks’ gestation and infant birth weight 
was used but infant body composition was not measured, while we conducted a cross-
sectional study investigating the association of postpartum measures of fat and fat-free 
mass measured using DXA (the gold standard) with offspring.  
Gridneva et al. reported a that higher maternal adiposity, as represented by BMI 
and BIA-derived fat mass, was associated with lower with BIA-derived infant lean mass at 
four different time points within the first year of life (Gridneva et al., 2018). This study 
was limited by small sample size n=14, 20, 18 and 18 subjects at 2, 5, 9, and 12 months 
postpartum, respectively. Taken together, these data suggest that the association between 
maternal body composition and infant body composition should continue to be explored, 
particularly with gold-standard methodology in larger population-based samples. With 
maternal lean mass having a stronger association with infant lean mass outcomes in this 
analysis, it could imply that previously reported associations between maternal BMI and 
infant birth weight or BMI z-scores may be driven by maternal lean mass and might 
implicate an increase in infant lean mass rather than the expected fat mass.  
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The long-term implications of infant lean mass at birth also bear ongoing 
exploration. One study has examined this association longitudinally, and found strong 
correlations between higher infant lean mass at birth (measured by DXA) with higher lean 
mass at both four and six years of age (Crozier et al., 2010). Other studies have shown 
consistency in demonstrating positive associations between infant birth weight and 
childhood lean mass (Rogers et al., 2006; Singhal et al., 2003; Wells, Hallal, Wright, 
Singhal, & Victora, 2005), while reporting weak or non-significant association with later 
childhood fatness. These findings suggest that early infant measures of lean mass continue 
to be associated with lean mass in early childhood, but the metabolic and health 
implications of this association need further research.   
Our third objective was to explore the potential mediation of associations between 
maternal and infant body composition by maternal BMI group. In this cohort, higher 
maternal fat mass was found to be associated with higher infant lean mass only in infants 
born to overweight women at seven months postpartum, but it was found to be negatively 
associated with infant lean mass in infants born to obese women at four months postpartum. 
Maternal BMI, which was previously noted to be strongly correlated with maternal fat 
mass, was also negatively associated with infant lean mass at seven months postpartum in 
obese women. These differences in association between infants born to overweight and 
obese women has never previously been reported and is not fully understood. Other studies 
have reported positive associations between maternal adiposity and infant fat mass in the 
postpartum period (Starling et al., 2015) and early childhood (Castillo et al., 2015). 
Maternal lean mass was found only significantly associated with infant lean mass in infants 
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born to overweight mothers, and this positive association was consistent at one, four, and 
seven months postpartum. Similar findings have been reported with relationships between 
maternal and infant body composition being stronger in women with higher BMIs, but 
most often studies have found higher maternal BMIs associated with higher body fatness 
in infants (Hull et al., 2008) and not associated with lean mass as is shown here.  
Our fourth objective was to explore the potential mediation of associations between 
maternal and infant body composition by infant sex. In this cohort, only female infants 
were shown to have any significant relationship between mother and infant body 
composition in the postpartum period. Maternal fat mass and maternal lean mass were 
positively associated with female infant lean mass at four and seven months postpartum. 
There was also a significant positive association between maternal lean mass and female 
infants’ BMI z-scores at seven months postpartum. Because BMI is a composite measure 
of baby’s fat and lean masses, this relationship could be driven by the previously reported 
positive association of maternal lean mass and female infant lean mass. Sex differences in 
the impact of maternal obesity on fetal and infant growth have been extensively reported 
in both animal and human studies (Ainge, Thompson, Ozanne, & Rooney, 2011; Alfaradhi 
& Ozanne, 2011; Andres et al., 2015).  
Other studies have also reported associations of maternal and infant body composition 
in female infants only. One study found that in women with gestational diabetes, higher 
BMI was associated with female infants’ fat mass at birth but there was no association with 
male infants (Lingwood et al., 2011). Another study found there was a positive relationship 
between maternal and infant fat mass at one week postpartum in female infants only 
 39 
(Henriksson et al., 2015). The role of sex and sex hormones may differentially program 
adipogenesis and growth, although this relationship is currently unknown and should be 
further examined in future research. There is also data to support the role of fetal sex in 
placental development and function. One study found that plasma glucose concentration of 
pregnancy women was related to placental weight of daughters but not of sons (Roland et 
al., 2014), which is of interest as glucose concentration is a marker of maternal metabolic 
status and placental weight has been linked to capacity for nutrient transfer in utero 
(Haggarty, Allstaff, Hoad, Ashton, & Abramovich, 2002) which could affect fetal growth 
and subsequent infant body composition. Fetal sex should be considered as an effect 
modifier in studies that link maternal and infant body composition (Andres, Shankar, & 
Badger, 2012; Hull et al., 2008) given the differences observed in our and others’ studies. 
Sex differences seen here and in other studies could indicate potential genetic differences 
in certain fetal reactions and adaptations to changing maternal in-utero environments.  
 
4.2 Limitations and Future Directions:  
 One potential limitation of this study is the use of DXA measurements which 
assumes a stable hydration constant of lean soft tissue which isn’t always be the case as 
hydration tends to vary with age and disease (Siri, 1956). Thus, while DXA measurements 
better differentiate fat and lean mass and allow for the exploration of associations with 
these measures of body composition, there may be some unaccounted-for variation in the 
DXA measures reported and used for these analyses. This inconsistency was also seen in 
young children, with more variation in DXA measures in younger infants within the first 
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year of life, with any error slowly decreasing as the child progresses into later childhood 
(Testolin et al., 2000). Future studies should try to estimate hydration constants for certain 
ages and states (i.e. postpartum women) in order to adjust the algorithms in the DXA 
machines to better derive these body composition measures.  
Another limitation is that this study did not explore growth rates of these infants 
over time which would be an interesting consideration for future research. The absolute 
measures of infant body composition at each postpartum time point were used to compare 
growth outcomes between groups at each specific time point, while growth rates between 
time points can be an important clinically relevant finding. One relevant study found that 
for every 100g increase in monthly weight gain in the first four months of life, there was 
an almost 40% increase in risk of being overweight at 7 years of age (Stettler, Zemel, 
Kumanyika, & Stallings, 2002). Another study echoed these results showing that a greater 
increase in weight-for-age z-scores between birth and two years of age was significantly 
associated with an increase in body fat percent, fat mass, and waist circumference at 5 years 
of age (Ong, Ahmed, Emmett, Preece, & Dunger, 2000). Growth trajectories can be an 
important clinical indicator of risk of childhood obesity, and thus the relationships between 
maternal body composition and infant growth rates over time should be explored. 
 Due to the high rates of exclusive breastfeeding in this current cohort, this analysis 
was not able to account for feeding practices as a potential confounder or as a potential 
effect modifier in our models of associations between maternal and infant body 
composition. It should also be noted that the participants in the cohort for the current study 
were recruited for the parent study because of their intention to breastfeed for at least six 
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months after delivery. This made the rates of exclusive breastfeeding at V1, V4, and V7 
85%, 89%, and 74%, respectively. For some perspective on these percentages, the reported 
average rates for exclusive breastfeeding in South Carolina (where many of this patient 
population was recruited) are 43% at three months and 24% at six months postpartum, and 
the currently reported national rates of exclusive breastfeeding through three and six 
months postpartum are 47% and 25%, respectively (Center for Disease Control and 
Prevention, 2015). Therefore, it is seen that rates of exclusive breastfeeding in this current 
cohort are much higher than the national rates of exclusive breastfeeding at these 
postpartum time points, so the reported results of infant body composition might not be 
accurately representative of normal hospital populations of growing infants.  
Other studies that have investigated how feeding practices effect infant body 
composition and growth trajectories have reported interesting, and sometimes conflicting, 
results. One study looking at how infant feeding effected infant body composition 
trajectories in the first seven months of life found that formula fed infants had increased 
BMI z-scores at seven months postpartum and that this seemed to be driven by a 
significantly higher lean mass in infants receiving formula versus receiving breastmilk 
(Bell et al., 2017). Another study found that infants that were breastfed less than six months 
showed increased growth rates in the first year and a half of life and higher infant BMI z-
scores from 1.5 to 6 years of age (Eny et al., 2018). This study also observed that maternal 
obesity resulted in infants with higher growth rates in the first few months of life and higher 
BMI z-scores even at 6 years of age. Numerous studies have reported that rapid weight 
gain and crossing of growth percentiles in early childhood is linked with childhood obesity 
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(Monteiro & Victora, 2005). This points to other important relationships that could be taken 
into consideration when investigating risk factors for childhood and even adult obesity.  
Another consideration for future studies could include taking into account composition 
of breastmilk and its relationship with maternal and infant growth and body composition. 
It has been shown in other studies that the macro- and micronutrient differences in 
breastmilk composition can affect infant growth and body composition and therefore 
should be investigated in future studies as potential mediators in the associations between 
maternal and infant body composition. A previous study found that breastmilk of obese 
mothers had increased pro-inflammatory properties (Panagos et al., 2016), and another 
study found that increased maternal fat mass percentage was associated with increased 
protein concentrations as well as appetite hormones, specifically leptin concentrations, in 
breastmilk (Kugananthan et al., 2017). Leptin is a satiety hormone, so an increase in leptin 
levels might be expected to cause decreased hunger and feeding practices, however, obesity 
is associated with having an increase of leptin in the blood which actually decreases one’s 
sensitivity to this hormone, so it isn’t as effective in preventing hunger. If breastmilk of 
obese mom’s is found to be more inflammatory, have greater protein concentrations, and 
greater leptin concentrations, then understanding the relationship between breastmilk 
composition and infant growth is critical in identifying potential mechanisms associated 
with intergenerational obesity.  
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4.3 Conclusion:  
This study found that obese women with increased adiposity, as measured by 
BMI and fat mass, tended to have infants with less lean mass at four and seven months 
postpartum, while overweight women with increased lean mass tended to have infants 
with greater lean mass at all postpartum through seven months postpartum. It was also 
found that female infants born to mom’s with larger fat mass or larger lean mass tended 
to have increased lean mass at four and seven months postpartum, while there seemed to 
be no associations with maternal and infant body composition in male infants. These 
results confirm that the first year of life is an important time in infant development and 
potential programming, but they also suggest that this programming may be associated 
with lean mass accrual in early infancy as opposed to fat mass or adiposity. The 
complexity of the relationships between maternal and infant body composition in the 
postpartum period may involve many other factors such as sex differences, genetic 
components, and nutrition and should be further explored in future studies. 
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